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Abstract
A structurally preserved cordaitalean ovule from the Lower Pennsylvanian of Great Britain contains several specimens of a conspi-
cuous spherical microfossil, which is characterized by a small, dome-shaped associated structure. Fused to the tip of this structure is a 
smaller, spherical to dome-shaped element. We interpret the microfossils as zygosporangium-gametangia complexes of a zygomycetous 
fungus based on morphological correspondences to the reproductive structures of certain extant Endogonaceae. 
Key words: Endogone Link: Fr., fossil fungi, gametangium, Lower Coal Measures, zygosporangium
Kurzfassung
In einer strukturbietend erhaltenen Cordaiten-Samenanlage aus dem Unter-Pennsylvanium von Großbritannien wurden mehrere Ex-
emplare eines auffälligen kugeligen Mikrofossils gefunden, dem eine kleine, kuppelförmige Struktur ansitzt, welche ihrerseits mit einer 
noch kleineren, kugel- oder kuppelförmigen Struktur verbunden ist. Auf Grund morphologischer Übereinstimmungen mit den Reproduk-
tionsstrukturen einiger moderner Endogonaceae interpretieren wir diese Fossilien als Zygosporangium-Gametangien-Komplexe eines 
fossilen Zygomyzeten.
Schlüsselwörter: Endogone Link: Fr., fossile Pilze, Gametangium, Lower Coal Measures, Zygosporangium
1. Introduction
The coal balls from the Lower Coal Measures of 
Great Britain contain a diverse, structurally preser-
ved Early Pennsylvanian (Carboniferous) flora that 
has been studied intensively for more than 100 years 
(for details, see Galtier 1997). In addition to plants, 
the coal balls also contain an abundance of microbial 
remains, principally Fungi and fungus-like life forms 
(e.g., Cash & Hick 1879; Williamson 1880, 1881, 
1883; Ellis 1918), which contribute to our knowledge 
of the organisms that co-occur, and possibly inter-
act, with the land plants in Early Pennsylvanian eco-
systems. While a few of these fungal fossils exhibit 
distinctive morphological features that allow for assi-
gnment to one of the major lineages of fungi (Krings 
et al. 2010a, 2011; Strullu-Derrien et al. 2011), the 
systematic affinities of most remain elusive, due pri-
marily to the lack of diagnostic characters. Microor-
ganisms, including fungi, today are usually classified 
based on complements of structural and life history 
features, together with molecular and genetic data, 
that are difficult or even impossible to resolve with 
fossils. As a result, direct comparisons between fos-
sil microorganisms and modern representatives are 
seldom feasible (Krings et al. 2010b). On the other 
hand, certain microfossils from the coal balls exhibit 
distinctive structural features, but still remain difficult 
to identify because they occur isolated, with no in-
formation available on the system in/on which they 
were produced.
This paper describes a conspicuous type of sphe-
rical microfossil characterized by paired associated 
structures that occurs within a structurally preserved 
Mitrospermum-type cordaitalean ovule. Based on 
structural correspondences to the zygosporangium-
apposed gametangia complexes seen in certain 
modern Endogonaceae (zygomycetous fungi), we 
interpret these fossils as sexual reproductive struc-
tures of a Carboniferous zygomycete. The discovery 
provides new information on the diversity of microor-
ganisms in the Carboniferous, and may contribute in 
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refining ideas about the levels of biological comple-
xity in ancient ecosystems.
2. Material and methods
The thin section containing the microfossils was 
prepared from a coal ball collected in the Lower Coal 
Measures of Great Britain. The coal ball comes from 
the Union Seam at Dulesgate (Lancashire), which 
is Westphalian A or Langsettian (Bashkirian/Lower 
Pennsylvanian) in age (Galtier 1997). 
The thin section was prepared according to stan-
dard procedures in which a piece of the coal ball was 
cemented to a glass slide and subsequently ground 
with an appropriate abrasive until it was thin enough 
to be examined in transmitted light. The slide is de-
posited in the Bayerische Staatssammlung für Palä-
ontologie und Geologie (BSPG) in Munich, Germany 
(acquisition number BSPG 1964 XX 145). The fossils 
were analyzed using transmitted light microscopy 
equipment; digital images were captured with a Lei-
ca DFC-480 camera.
3. Description
The platyspermic ovule containing the microfos-
sils is approximately 6.5 mm long and 1.1 mm wide 
proximally; the chalazal region and integument are 
well preserved, while the interior is devoid of tissue. 
The ovule is identified as cordaitalean based on size, 
shape, and organization of the integument; it most 
probably belongs to the genus Mitrospermum Ar-
ber (see Arber 1910; Taylor & Stewart 1964; Baxter 
1974). 
Ten specimens of the microfossil occur in the 
space that the nucellus and megaspore would oc-
cupy if preserved (Fig. 1a, b [arrows]). Specimens 
occur singly (Fig. 1b) or in groups of two to five (Fig. 
1a); most are located close to the inner surface of 
the integument, but two occur in the centre of the 
ovule. Vegetative mycelia and other microbial re-
mains are not present. This type of microfossil has 
not been detected in any other plant tissue preser-
ved in the chert, nor has it been found in the chert 
matrix surrounding the ovule. The microfossils con-
sist of a relatively thin- and smooth-walled near per-
fect sphere ∼55 µm in diameter to which is attached 
a hollow, dome-shaped structure that is up to 16 µm 
wide and open at its wide end (Fig. 1c–e). The wall 
of the dome-shaped structure becomes thinner to-
wards the wide end. Attached to the tip of the dome-
shaped structure is a smaller element, which may be 
more or less spherical, drop- or dome-shaped (Fig. 
1d, e). This element, which is between 5 and 8 µm in 
diameter, also appears to be open at one end (Fig. 
1e [arrow], g). While in most specimens the small 
element is directly fused with the dome-shaped 
structure, there is one specimen in which the two 
structures are interconnected via a cylindrical seg-
ment ~2.9 µm long (Fig. 1f). The lumina of the large 
sphere and dome-shaped structure (Fig. 1f [arrow]), 
as well as the lumina of the dome-shaped and small 
element (Fig. 1g [arrow]) are interconnected. 
4. Discussion
All specimens of this interesting microfossil de-
monstrate the same configuration, i.e. a sphere to 
which is attached a small, dome-shaped structure 
that, in turn, is fused to an even smaller spherical, 
drop- or dome-shaped element. The consistency in 
configuration, together with the fact that only one 
pair of associated structures accompanies each 
sphere, indicates that the sphere and associated 
structures have a common origin, or that the sphere 
was produced from the associated structures (or 
vice versa), rather than representing some type of 
spherical propagule infected by a parasitic organism 
that forms reproductive structures on the outer sur-
face of its host.
We offer two hypotheses to explain the biological 
nature and affinities of the microfossils. One views 
the large sphere as some type of plant spore to 
which is attached a pair of aborted spores. Abortion 
is frequently observed in extant spores of ferns and 
fern allies (Hemsley 1997), and several examples 
are known from the fossil record of fully developed 
(mega-)spores to which are attached much smaller, 
abortive spores (e.g., Williamson & Scott 1895; Cha-
loner 1958; Hemsley 1997). Arguing against this hy-
pothesis, however, is the fact that the development 
of spores involves the formation of a tetrad. If spo-
re abortion took place there should be evidence of 
three aborted and one normally developed (or two 
normally developed and two aborted) spores. Mo-
reover, the large spheres lack features indicative of 
spores (e.g., suture, surface ornamentation). In ad-
dition, the spheres are  ∼55 µm in diameter, which 
can be in the size range of megaspores. However, 
multiple megaspores within an ovule is not logical, 
and it is very unlikely that ten specimens of the same 
megaspore type accidentally became washed into 
the ovule, especially since similar spheres have not 
been found in the matrix surrounding the ovule. 
An alternative, more plausible hypothesis views 
the microfossils as zygosporangium-apposed 
gametangia complexes of a zygomycetous fungus. 
In this scenario, the sphere represents the zygospo-
rangium. The dome-shaped associated structure 
accordingly represents a large gametangium (i.e. 
macrogametangium), while the small element that is 
fused to the dome-shaped structure would represent 
a small gametangium (i.e. microgametangium). This 
condition closely corresponds to that seen in certain 
modern zygomycetes in the genus Endogone Link: 
Fr. (Endogonaceae), in which the zygosporangium 
does not develop in the fusion area between the 
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female one, increases in thickness from the bottom 
up during and after fertilization). This observation 
may explain why both the large and small associated 
structure in the fossil are open at one end (Fig. 1d–f). 
Accordingly, the open ends would represent the at-
tachment sites of the gametangia to the subtending 
suspensors, which do not have secondarily thick-
ened walls, and thus rapidly disintegrate following 
maturation of the zygosporangium and zygospore. 
Adding support to this interpretation is the fact that 
the configuration exhibited by the fossils is virtually 
two gametangia, but rather buds out from the larger 
gametangium (Bucholtz 1912; Thaxter 1922; Yao et 
al. 1996). Moreover, it has been observed that in cer-
tain Endogonaceae the gametangium walls increase 
in thickness after gametangial fusion (Fig. 2), and 
thus may remain intact even until zygosporangium/
zygospore maturation. With regard to Endogone lac-
tiflua Berk., Bucholtz (1912: 162) writes: “Die Mem-
bran der Gamete, besonders der weiblichen, verdickt 
sich während und nach der Befruchtung nach oben 
hin.“ (The membrane of the gamete, especially the 
Figure 1: Microfossils in a Mitrospermum-type cordaitalean ovule from the Lower Coal Measures (Lower Pennsylvanian) of Great Britain 
(all images from slide BSPG 1964 XX 145). (a, b) Portions of the ovule (a: micropylar region; b: chalazal region) containing microfossils 
(arrows); bars = 250 µm. (c) Cluster of microfossils, showing near perfect spheres and associated structures in some of the specimens; 
bar = 25 µm. (d) Specimens showing paired associated structures; bar = 15 µm. (e) Paired associated structures; note that large and 
small (arrow) associated structure are open at one end; bar = 15 µm. (f, g) Paired associated structures; arrow in (f) indicates connection 
between the sphere and large associated structure, while arrow in (g) shows small associated structure that is open at one end; note 
interconnection of associated structures via a short cylindrical bridge in (f); bars = 10 µm
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the coal-beds, and that in no small number.” Never-
theless, documented evidence of fossil zygomycetes 
remains exceedingly rare to date (Taylor et al. 2009). 
This lack of evidence remains unexplained, especial-
ly in light of the fact that (micro-)habitats conducive 
to the growth of zygomycetes, together with depo-
sitional environments conducive to the preservation 
of these fungi in recognizable form, were available 
at least by the Paleozoic (see Krings et al. 2012). 
Moreover, molecular clock estimates suggest that 
the first zygomycetous fungi occurred on Earth du-
ring the Precambrian, sometime between 0.8 and 
1.4 Ga ago (Berbee & Taylor 2001; Heckman et al. 
2001; Blair 2009). If our interpretation of the micro-
fossils described in this paper as zygosporangium-
apposed gametangia complexes is correct, then this 
discovery is important since it provides a rare insight 
into the morphology of a late Paleozoic zygomyce-
tous fungus. We anticipate that additional and more 
complete specimens of this intriguing microfossil will 
be discovered as work on the microbial life preser-
ved in the coal balls from the Lower Coal Measures 
of Great Britain continues. This will hopefully lead to 
a more accurate understanding of the organism on 
which the fossils described in this paper were pro-
duced, and help to more completely gather the full 
extent of the biodiversity that existed in Early Penn-
sylvanian coal swamp ecosystems. Moreover, it will 
expand our understanding of the evolutionary histo-
ry of zygomycetous fungi, which to date have been 
greatly underrepresented in fossils. To a large degree 
we believe that this is the result of our inability to 
recognize the more ephemeral phases and delicate 
features of some of these organisms.
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